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Background: A number of vitamins and minerals have
been shown to influence carcinogenesis in experimental
animals. In humans, epidemiologic evidence suggests that
intake of fruits and vegetables may reduce risk of
esophageal and other cancers. Vitamins and minerals in
these foods may contribute to the reduced cancer risk.
The people of Linxian, China, have persistently low
intake of multiple nutrients and exhibit one of the
world’s highest rates of esophageal/gastric cardia cancer,
with an exceptionally high risk of esophageal dysplasia.
Purpose: To determine whether supplementation with
multiple vitamins and minerals may reduce esophageal/
gastric cardia cancer among persons Wwith esophageal
dysplasia, we conducted a 6-year prospective intervention
trial in Linxian. Methods: Mortality and cancer incidence
were ascertained from May 1985 through May 1991 for
3318 persons with cytologic evidence of escphageal
dysplasia who were randomly assigned to receive,
throughout that period, daily supplementation with 14
vitamins and 12 minerals or placebo. Doses were
typically two to three times U.S. Recommended Daily
Allowances. Compliance was assessed by counting unused
pills monthly for all trial participants and by assaying
nutrient levels in blood collected from samples of
individuals randomly selected without replacement every
3 months throughout the trial. Cancers were identified
through routine surveillance and by special cytology and
endoscopy screenings after 2%2 years and 6 years. Resulfs:
A total of 324 deaths occurred during the 6-year inter-
vention period; 167 occurred in the control (placebo)
group and 157 occurred in the supplement group. Cancer
was the leading cause of death (54% of all deaths); 18%
were due to cerebrovascular diseases and 29% to other
causes. Cumulative esophageal/gastric cardia death rates
were 8% lower (relative risk [RR] = 0.92; 95%
confidence interval [CI] = 0.67-1.28) among individunals

receiving supplements rather than placebo, a nonsignifi-
cant (P>.10) difference. Risk of total mortality was 7%
lower (RR = 0.93; 95% CI = 0.75-1.16; P>.10), total
cancer 4% lower (RR = 0.96; 95% CI = 0.71-1.29;
P>.10), cerebrovascular disease 38% lower (RR = 0.62:
95% CI = 0.37-1.06; P = .08), and other diseases 12%
higher (RR = 1.12; 95% CI = 0.74-1.69; P>.10) among
the treated group. Cumulative cancer incidence rates
were nearly the same in the two groups. Conclusions: No
substantial short-term beneficial effect on incidence or
mortality for this type of cancer occurred following daily
supplementation with multiple vitamins and minerals
among adults with precancerous lesions of the esophagus.
Implications: Although no statistically significant short-
term benefits were observed, longer follow-up should be
more informative about the effectiveness of this 6-year
supplementation on cancer and other diseases among
individuals with esophageal dysplasia. [J Natl Cancer
Inst 85:1492-1498, 1993]

Rates of esophageal/gastric cardia cancer in Linxian, a
rural county in Henan Province, north-central China, are
among the highest in the world (/). The excess risk is
especially pronounced among persons with esophageal
dysplasia, a precancerous lesion affecting over 20% of adults
in this area (2,3). The excess cancers occur not only as
squamous cell carcinomas of the esophagus, but also as
adenocarcinomas of the gastric cardia. Traditionally, both
tumors have been called ‘‘esophageal cancer’” in Linxian
because of their proximity to one another and similarity in
Symptoms.

*See “‘Notes” section following ‘‘References.”’
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Reasons for the elevated rates of cancer in Linxian are
unclear; no strong risk factors have been detected in
observational studies (4,5). Epidemiologic and experimental
evidence suggests, however, that diet and nutrition are
related to risk of esophageal and stomach cancer, with
increased risks among those with low intake of fresh
vegetables and fruits (6,7). Intake of fresh fruits, meat, and
other anitmal products has been limited in Linxian. Surveys
in the 1970s and early 1980s (8-11) found low blood levels
of multiple micronutrients.

The high rates of cancer, low dietary intake of several
nutrients, and administrative considerations favorable for
implementation of a large trial combined to make Linxian a
desirable setting in which to test a cancer chemoprevention
strategy. To test whether supplementation with vitamins and
minerals might reduce the high rates of esophageal/gastric
cardia cancer, we initiated two randomized trials (12,13) in
this high-risk area. One trial, involving supplementation of the
general population with specific vitamin/mineral combina-
tions, is the subject of the previous article in this issue of the
Journal (/3). Here, we report the initial death and cancer
results among individuals with cytologically diagnosed
esophageal dysplasia who received daily supplementation with
multiple vitamins and minerals for 6 years. Our primary
objective was to evaluate the effect of the supplements on
esophageal/gastric cardia cancer incidence and mortality.

Subjects and Methods

Participants were randomly assigned to supplements (multivitamin/
mineral tablets or capsules) or matching placebos in a two-group design.
This design was chosen because it was complementary to the factorial
design used in the companion trial presented in this issue of the Journal
(13), and it provided a cost-effective and simple means to (est multiple
nutrients simultaneously. It is, however, not informative regarding the
effect of individual nutrients. Randomization was performed in blocks of 10
patients within strata defined by commune, gender, and age. The daily dose
and type of micronutrients in the supplements are shown in Table 1 and
included a iotal of 14 vitamins and 12 minerals. The doses were typically
two to three times the U.S. Recommended Daily Allowances (RDAs), but
ranged from 0.26 to seven times the RDA depending on the vitamin or
mineral (/4). Each subject was given three pills daily, including one
capsule (beta carotene as Solatene [Hoffmann-LaRoche, Inc., Nutley, N.J.]
or placebo) and two tablets (vitamin/mineral supplement as Centrum
[Lederie Laboratories, Inc., Pearl River, N.Y.] or placebos).

Potential participants were eligible if they were between the ages of 40
and 69 years, lived in one of three northern Linxian communes (Yaocun,
Rencun, or Donggang), provided consent, and had a diagnosis of
esophageal dysplasia on a balloon cytology examination. Individuals were
excluded if they were taking vitamins of any type regularly, had a history
of malignancy or other debilitating disease, or were taking antitumor B, a
traditional Chinese drug consisting of a mixture of six medicinal herbs. The
diagnoses of esophageal dysplasia arose primarily from population-based
esophageal balloon cytology examinations conducted in November and
December 1983 (2). The examination involved the swallowing of a small
baltoon encased in a mesh net and connected to a narrow tube. The balloon
was then inflated with a fixed volume of air and withdrawn through the
esophagus. Finally, the balloon was smeared across glass slides for
subsequent cytologic evaluation of dysplasia. Individuals diagnosed with
dysplasia | (Jow-grade dysplasia) or dysplasia 2 (high-grade dysplasia) on
the basis of Chinese cytology criteria (2) in this or other recent balloon
examinations were invited to participate in the baseline screening phase of
the intervention trial.

Baseline screening was performed from August to October of 1984 and
included interviews to obtain demographic, lifestyle, risk factor, and health
status information; physical examinations; and blood and toenail sample
collections. Randomization occurred in November 1984. Pill delivery
commenced at the beginning of May 1985 and continued through the end
of April 1991, a total of 72 months.
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Table 1. Daily doses and types of micronutrients in the supplements
for dysplasia trial*

Vitamin/mineral Compound Dose

Beta carotene 15 mg
Vitamin A Acetate 100600 1U
Vitamin E Di-alpha tocopherol acetate 60 IU
Vitamin C Ascorbic acid 180 mg
Folic acid 800 pg
Vitamin B, Thiamine mononitrate 5 mg
Vitamin B, Riboflavin 52 mg
Niacinamide 40 mg
Vitamin B Pyridoxine HCl 6 mg
Vitamin B, Cyanocobalamin 18 pg
Vitamin D 800 1U
Biotin 90 pg
Pantothenic acid Calcium pantothenate 20 mg
Calcium Dibasic calcium phosphate 324 mg
Phosphorus Dibasic calcium phosphate 250 mg
lodine Potassium iodide 300 pg
Iron Ferrous fumarate 54 mg
Magnesium Magnesium oxide 200 mg
Copper Cupric oxide 6 mg
Manganese Manganese sulfate 15 mg
Potassium Potassium chloride 154 mg
Chloride Potassium chloride 14 mg
Chromium Chromium chloride 30 pg
Molybdenum Sodium molybdate 30 pg
Selenium Sodium selenate 50 pg
Zinc Zinc sulfate 45 mg

*Participants received two multivitamin, multimineral tablets (Centrum:
Lederle Laboratories, Inc.) and one beta carotene capsule (Solatene;
Hoffmann-LaRoche, Inc.) or matching placebos daily.

A team of over 200 village doctors delivered two bottles of pills monthly
to each participant in the trial. At the time of the visit, bottles from the
previous month were collected, the remaining pills were counted and the
data recorded, new pill bottles were dispensed, and participants were asked
about side effects. Compliance was assessed by counting unused pills
monthly for all trial participants and by assaying nutrient levels in blood
collected from up to 36 individuals randomly selected without replacement
every 3 months throughout the trial.

Incident cancers and deaths were identified through several methods that
assured essentially complete ascertainment of these events among trial
participants. All medical facilities in the three communes under study, plus
the Linxian County Cancer Hospital and the cancer hospital in the
prefecture capital of Anyang, provided rapid notice of all cancer diagnoses
among residents of the communes in the trials. Participants with cancer
symptoms and those who died from any cause were identified by village
doctors on their monthly visits to deliver and retrieve pills. Additional
visits to look for symptomatic individuals were made by a medical team
from the Cancer Institute of the Chinese Academy of Medical Sciences in
Beijing; this team was based at a field station at the Yaocun commune.
Symptomatic individuals were referred to this field station or their
commune hospital for further evaluation.

Cancers were also ascertained through repeat cytology examinations
offered to all participants after 30 months of intervention (86% of subjects
participated) and again at the cessation of pill delivery (78% of subjects
participated). Additionally, endoscopic examinations were performed on up
to one fourth of the subjects at these times. Approximately half of all
esophageal and gastric cardia cancers were diagnosed through these
cytologic and endoscopic screenings. Participation rates in these special
screenings did not differ by treatment group. Diagnostic materials for 89%
of the cancer cases were reviewed by a panel of Chinese and American
experts in pathology, cytology, radiology, and gastroenterology. Parallel
reviews were conducted by senior Chinese diagnosticians for the remaining
cancer cases and for deaths due to causes other than cancer.

We compared rates of esophageal/gastric cardia cancer mortality and
incidence during the 6-year intervention period among those receiving
vitamin/mineral supplements versus placebo. Rates were also calculated for
other cancer mortality and incidence, other causes of death, and total
mortality. The relative risks (RRs) for end points were estimated using Cox
proportional hazards and logistic regression models (/5). All RRs and
confidence intervals (Cls) presented for the effect of being in the treatment
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Table 2. Dysplasia trial participant characteristics by treatment group

Group
No., No.,
placebo supplement
Participant characteristic group % group e
No. of participants* 1661 50 1657 50
Age at beginning of intervention, y
<50 537 32 545 33
50-59 743 45 717 43
=60 381 23 395 24
Sex
Male 731 44 730 44
Female 930 56 927 56
Cytology in 1983t
Dysplasia 1 1302 78 1243 75
Dysplasia 2 359 22 414 25
Education
None 685 41 719 44
Some 968 59 930 56
Tobacco (ever smoke cigarettes
regularly >6 mo)
No 1176 71 1172 71
Yes 477 29 471 29
Alcohol (any use past 12 mo)
No 1359 82 1328 81
Yes 294 18 321 19
Pickled vegetable (any use past
12 mo in winter or spring)
No 1484 90 1481 90
Yes 169 10 168 10
Moldy food (any use past 12 mo)
No 1321 80 1333 81
Yes 332 20 316 19
Family history of
esophageal/stomach cancer
No 958 58 947 57
Yes 695 42 702 43

*Data missing on 16 participants for education, tobacco, alcohol, pickled
vegetables, moldy food, and family history.
1P = .02 for difference in distribution of dysplasia category by treatment

group.

Among the cancer deaths, 148 (84%) were due to
esophageal/gastric cardia cancer, with 82 occurring in the
esophagus and 66 in the gastric cardia. There were 11 cancer
deaths attributed to tumors elsewhere in the stomach, and

Table 3. Dysplasia trial compliance assessed biochemically over 6-year intervention

Baseline* During intervention
Analvie Placebo Supplement Placebo Supplement
Retmol, pg/dL of plasma No. Mean SD No. Mean SD No. Mean SD No. Mean SD P valuet
Riboflavin, EGR 47 40.65 14.36 46 4271 13.64 216 4072 1342 209 63.05 17.59 .0001
activation coefficients 50 1.69 0.27 45 1.67 0.29 293 1.53 0.35 284 113 023 .0001
As;;;r:;;: acid. mg/dL of 45 0.60 0.44 43 0.62 0.54 283 0.63 0.41 281 092 040 .0001
R L] Plasma 47 10.26 5.17 46 10.73 6.10 216 1141 15.87 209 119.06 86.83 .0001

#*Baseline nutritional ass
SEss . .
+P values are from 1 [eq::mem conducted in September 1984; values adjusted for season.
+EGR = erythrocyte gh;ta‘t (?f difference between placebo and supplement during intervention.
hione reductase. Lower EGR coefficient indicates higher riboflavin status.
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Table 4. Numbers, rates, and RRs of death by cause among those receiving vitamin/mineral supplementation versus placebo

Placebo Supplement

Cause of death No. of deaths Rate* No. of deaths Rate* RR? 95% C1
Total 167 17.4 157 16.3 0.93 0.75-1.16
Cancer 89 9.3 87 9.0 0.96 0.71-1.29
Esophageal 44 4.6 38 3.9 0.84 0.54-1.29
Stomach 35 36 42 4.4 I.18 0.76-1.85
Cardia 32 33 34 35 1.04 0.64-1.69
Noncardia 3 0.3 8 0.8 2.68 0.71-10.11
Esophageal/cardia 76 7.9 72 7.5 0.92 0.67-1.28
Other 10 1.0 7 0.7 0.71 0.27-1.87
Cerebrovascular 35 3.6 22 2.3 0.62 0.37-1.06
Other 43 4.5 48 5.0 1.12 0.74-1.69

*Rate per 1000 person-years.
TRR adjusted for age, sex, commune, and initial grade of dysplasia.

other types of cancer accounted for the remaining 17 cancer
deaths.

Table 4 also shows the numbers and rates of deaths by
cause in the supplement and placebo groups. Esophageal/
gastric cardia cancer mortality was 8% less (RR = 0.92; 95%
CI = 0.67-1.28) and total mortality 7% less (RR = 0.93; 95%
Cl = 0.75-1.16) in those taking vitamins/minerals, but
neither these nor any of the cause-specific rates differed
significantly by group. The RR of total cancer mortality in
the vitamin/mineral group was 0.96 (95% CI = 0.71-1.29). A
larger reduction in esophageal cancer (RR = 0.84; 95% CI =
0.54-1.29) was countered by an increased rate of stomach
cancer (RR = 1.18; 95% CI = 0.76-1.85). The most marked
effect was a nearly significant (P = .08) 38% reduction (RR
= 0.62; 95% CI = 0.37-1.06) in mortality from cerebrovascu-
lar disease. Trends in total and cancer mortality rates over
the 6-year intervention period for the treatment versus
placebo groups are shown in Figs. 1 and 2.

A total of 448 incident cancers were diagnosed during the
6-year intervention. As indicated in Fig. 3, nearly half of all
cancers were diagnosed during the cytologic and endoscopic
screenings of 1987 and 1991. As shown in Table 5, total
cancer incidence was similar in the treatment and placebo
groups (RR = 1.01; 95% CI = 0.84-1.22), as was incidence
for esophageal/gastric cardia cancer (RR = 0.98; 95% CI =
0.81-1.19). The incidence of esophageal cancer was lower
and stomach cancer higher in the group receiving multiple
vitamin/mineral supplementation, but these differences were
not significant (P>.10).

Discussion

The participants randomly assigned to the treatment group
in this study received 6 years of daily supplementation with
multiple vitamins and minerals at doses high enough to
correct deficiencies and provide adequate supplies of each
nutrient. In this group, esophageal/gastric cardia cancer
mortality was 8% lower and overall mortality 7% lower
compared with the placebo group. The decreases were not
statistically significant. A sizable reduction of borderline
significance, however, was seen in cerebrovascular disease
mortality.
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The trial in Linxian among individuals with esophageal
dysplasia offered several advantages as a test of the
effectiveness of vitamin/mineral supplementation on the late
stages of esophageal/gastric carcinogenesis. Prior to the trial,
the population under study was slightly deficient in a
number of nutrients postulated to play a role in esophageal
and gastric cancer and suffered some of the world’s highest
rates of these cancers (1,8-11). Although potential protective
effects were thought to exist for a number of micronutrients,
including retinol, beta carotene, riboflavin, niacin, ascorbic
acid, vitamin E, magnesium, molybdenum, seienium, and
zinc (/6-24), the population of individuals with esophageal
dysplasia was not large enough for separate evaluation of
these compounds. As a result, the multiple’ vitamin/mineral
supplementation approach was adopted. The inclusion of a
wide variety of vitamins and minerals increased the trial’s
sensitivity to detect benefits if any of 26 different nutriénts
were cancer inhibitors. The number of end points achieved
in the trial was relatively large, and the CIs in Table 4
indicate that reductions in total mortality and cancer
mortality from the vitamin/mineral supplementation are no
greater than 25% and 29%, respectively. Aiding assessment
of outcomes was the stability of the population and its
willingness to participate in the multiyear effort, which
ensured almost complete follow-up. Compliance as judged
by pill disappearance (implying pill ingestion) and by
biochemical means was also high. Finally, the reliability of
the cancer diagnoses was ensured by standardized reviews of
diagnostic materials by American and Chinese experts in
alimentary tract tumors.

Several limitations of the study must be considered in
interpreting the findings. All participants had been
cytologically diagnosed before the start of the intervention
with esophageal dysplasia, a lesion conferring a risk of
esophageal cancer even greater than the very high risk
prevailing in the Linxian general population (3). It may be
that the intervention came too late, since it is possible that
individuals with dysplasia are less amenable to a potential
cancer benefit of nutrient supplementation than those without
dysplasia. Also, the doses of the vitamins and minerals may
not have been sufficiently high, although they were shown to
raise blood concentrations of measured substances well into
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adequate ranges for normal health. We kept the doses of
most of the vitamins and minerals at less than or equal to
three times U.S. RDAs to avoid competitive antagonism
between compounds, but it is possible that potential benefits
of one vitamin or mineral may have been hindered by the
presence of others. Evidence of such interactions has been
reported in both animals (25) and humans (26). Finally, and
perhaps most importantly, the intervention and/or follow-up
periods may not have been long enough to detect significant
benefits. Additional follow-up over the coming years is
planned to assess longer-term effects on cancer incidence
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and mortality from cerebrovascular diseases and other
diseases.

In the larger parallel trial in the Linxian general
population described in this issue of the Journal (I3), the
effectiveness of four specific vitamin/mineral combinations
was evaluated. Total mortality during the 1986-1991
intervention period was reduced by 9% and cancer mortality
by 13% among those receiving daily supplements of beta
carotene, vitamin E, and selenium. These differences were
significant (P=.05) because of the large study size, with
nearly 15000 persons receiving and 15000 not receiving
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these supplements. Given the wide CIs for the RRs in the
dysplasia trial, the findings from the two trials can be
considered fairly consistent. The slightly greater (and more
significant) effects observed in the general population trial,
however, may reflect true differences in biologic response
between participants in the two trials. Essentially similar
physiologic doses of vitamins and minerals were used for
nearly similar durations in both trials. More severe lesions,
however, such as those required for entry into the dysplasia
trial, occur later in carcinogenesis and may simply require
stronger inhibitors or longer durations of inhibition to show
meaningful efficacy.

Although not an element of the hypothesis at the onset of
this study, the most marked reduction in death rates among
those receiving vitamins and minerals occurred for cere-
brovascular disease, which was second to cancer as a cause
of death in Linxian. The statistically suggestive (P = .08
with a two-sided test) result is biologically plausible in view
of reports from observational studies (7,27-30) indicating

that antioxidants and certain other vitamins and minerals
may lower the risk of stroke and its major risk factor,
hypertension. Mild though insignificant protective effects for
several of the nutrient combinations in cerebrovascular
disease mortality were also observed in the general
population trial (/3). However, it must be kept in mind that
the CIs for the reduced risk of cerebrovascular disease
mortality in the treatment group were wide, and it is
premature to conclude that any of these substances may
lower risk.

In summary, our trial results suggest little initial benefit in
cancer incidence or mortality during the 6 years of vitamin/
mineral intervention among persons with esophageal dys-
plasia. However, there was a small reduction in total
mortality, due mainly to a sizable decline in deaths from
cerebrovascular diseases. Additional follow-up of the trial
participants subsequent to intervention will help us assess
whether these trends persist and if longer-term benefits of
vitamin and mineral supplementation emerge.

Table 5. Numbers, rates, and RRs of cancer incidence among those receiving vitamin/mineral supplementation versus placebo

Placebo Supplement

Type of cancer No. of cancers Rate, %* No. of cancers Rate, %* RR*¥ 95% CI
Total 221 13.3 227 13.7 1.01 0.84-1.22
Esophageal 128 7.7 123 7.4 0.94 0.73-1.20
Stomach 81 4.9 96 5.8 1.17 0.87-1.58
Cardia 77 4.6 82 5.0 1.05 0.77-1.43
Noncardia 4 0.2 14 0.8 3.54 1.17-10.76
Esophageal/cardia 205 123 205 12.4 0.98 0.81-1.19
Other 12 0.7 8 0.5 0.67 0.28-1.65

*Cumulative incidence.
TRR adjusted for age, sex, commune, and initial grade of dysplasia.
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Phase I Clinical and Pharmacology Study of
Topotecan Given Daily for 5 Consecutive Days to

Patients With Advanced Solid Tumors, With
Attempt at Dose Intensification Using Recombinant

Granulocyte Colony-Stimulating Factor
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Background: Topotecan has been shown in previous
studies to be a specific inhibitor of topoisomerase I, a
nuclear enzyme required for DNA replication and
transcription. Purpose: Our objectives in this phase I
clinical trial were to determine the maximum tolerated
dose, dose-limiting toxic effects, and recommended phase
II dose of topotecan and to define the pharmacokinetics
of topotecan in humans. Methods: Forty-three patients
with advanced, incurable solid tumors were treated.
Deoses ranged from 0.5 to 2.0 mg/m? daily, with treatment
cycles repeated initially every 28 days. Following the
identification of the standard maximum tolerated dose,
further dese escalations were attempted by following
topotecan cycles with recombinant granulocyte colony-
stimulating factor (rG-CSF). Results: The maximum
tolerated dose without rG-CSF for patients without prior
cytotoxic therapy was 1.75 mg/m?2 daily. The maximum
tolerated dose for previously treated patients was 1.50
mg/m? daily. The dose-limiting toxic effect was myelosup-
pression, with granulocytopenia being most commonly
observed. Use of rG-CSF did not permit topotecan dose
intensification, since thrombocytopenia and fatigue
rapidly emerged as dose-limiting toxic effects. Plasma
half-lives of topotecan (lactone form) were approximately
10 and 100 minutes for distribution and elimination
phases, respectively. Conclusions: The doses of topotecan
recommended for use in phase II clinical trials in solid
tumors are 1.5 and 1.25 mg/m? daily in previously
untreated and previously treated patients, respectively.
Based on observed rates of recovery from myelosuppres-
sion, treatment should be possible on a 21-day cycle.
Dose intensification was not possible with the use of
rG-CSF; however, rG-CSF may be a useful addition to
the regimens of those few patients who experience
either prolonged granulecytopenia or neutropenic sepsis
or those who are not able to receive their second treat-
ment cycle by day 21. [J Natl Cancer Inst 85:1499--1507,
1993]
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Topotecan (9-dimethylaminomethyl-10-hydroxy-
camptothecin) is a semisynthetic analogue of camptothecin,
an alkaloid derived from the stemwood of the oriental tree
Camptotheca acuminata. Camptothecin was found to have a
high degree of in vitro antitumor activity in laboratory trials
reported in the mid-1960s (7). Early clinical trials deter-
mined that camptothecin had some antitumor activity (2-4);
however, this compound had erratic and often severe toxic
effects. In addition, there were logistical problems caused by
the drug’s insolubility. As a result, further development of
this compound was discouraged.

Interest has been renewed in the camptothecins as their
mechanism of antitumor activity has come to be better
understood. Topotecan and other camptothecin analogues
have been shown to be specific inhibitors of the nuclear
enzyme topoisomerase I (5-10). Topoisomerases are enzymes
which cause transient protein-bridged breaks in DNA strands
and thereby relieve torsional strain induced ahead of
replication forks during DNA replication and transcription.
Topoisomerase 1 causes a single-stranded DNA break,
permits the passage of the intact strand through the break,
and then reseals the broken strand. Topoisomerase II, the
target enzyme of a number of other antineoplastic agents,
relieves torsional strain in replicating DNA by causing and
then repairing double-stranded breaks.

The cytotoxicity of topotecan and other camptothecins
appears to be S phase specific (//). These agents require
topoisomerase I to initiate DNA strand breaks; thus, levels
of topoisomerase I activity in the tumor may relate to its
sensitivity or resistance (12,13).

The structure of topotecan incorporates a stable basic side
chain at the 9 position of the A-ring of 10-hydroxy-
camptothecin, thus permitting the formation of a hydro-
chloride salt with greatly increased aqueous solubility over
that of the parent compound (Fig. 1) while still maintaining
preclinical activity (14,15). This improved aqueous solubility
was anticipated to reduce some toxic effects previously

*See ‘‘Notes’’ section following ‘*References.’’
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